Introduction
A chromosomal translocation involving band 3q27 is frequently found in human B-cell lymphomas, especially in the diuse large cell type (Ot et al., 1989; Bastard et al., 1992) . A gene located at the chromosomal breakpoint, Bcl6, has been isolated, and it has been shown that, as a result of this translocation, the Bcl6 promoter region is replaced by other genes, including the immunoglobulin genes (Baron et al., 1993; Kerckaert et al., 1993; Ye et al., 1993; Miki et al., 1994) . This translocation was found to result in the deregulated expression of unaltered Bcl6 protein , suggesting that Bcl6 gene rearrangements may be crucial in the neoplastic transformation of B cells associated with lymphomagenesis.
The structure of the Bcl6 protein has been found to be highly homologous to that of various transcription factors including Tramtrack and Broad-Complex, which regulate the development of Drosophila (Harrison and Travers, 1990; DiBello et al., 1991) . In mammalian cells, Bcl6 may also act as a regulator of gene transcription, by binding to speci®c DNA sequences of target genes through a KruÈ ppel-type zinc-®nger domain in its carboxy terminus . Bcl6 also contains a POX virus zinc®nger (POZ) domain in its amino terminus, which mediates protein-protein interactions (Kerckaert et al., 1993; Ye et al., 1993) . In human and murine lymphoid tissues, Bcl6 is preferentially expressed in B cells of the germinal center and in their neoplastic counterparts, including follicular, Burkitt's and diuse large cell lymphomas (Cattoretti et al., 1995; Onizuka et al., 1995) . The importance of Bcl6 in lymphoid tissues is supported by recent ®ndings that germinal center formation is impaired in Bcl6-de®cient mice (Dent et al., 1997; Fukuda et al., 1997; Ye et al., 1997) . However, actual function of Bcl6 in the lymphomagenesis as well as the formation of germinal center still remain unclear. Although an in vitro culture system is useful to clarify these issues, lymphoid cell lines are not obtainable, which demonstrate the dierentiation into Bcl6-expressing B cells in vitro.
In addition to its expression in lymphoid tissues, signi®cant Bcl6 expression has also been detected in skeletal muscle in vivo . Mouse skeletal muscle cell line C2C12 is a well-characterized cell line that is growing as myoblast in mitogen-riched medium, but is induced to dierentiate irreversibly to fuse and form myotubes in vitro. In this process, muscle-speci®c genes have been shown to be expressed in a coordinate manner. Among these are the basichelix ± loop ± helix (b-HLH) transcription factors of the MyoD family, including MyoD, myogenin, Myf-5 and MRF4, which are involved in the dierentiation process (Wright et al., 1989; Braun et al., 1989; Rhodes and Konieczny, 1989; Miner and Wold, 1990) . Induction of the MyoD transcription factor was found to be followed by the induction of a cyclindependent kinase (Cdk) inhibitor, p21, which promotes irreversible cell cycle arrest, and in turn, by the expression of muscle speci®c genes, including myosin heavy chain (MHC) and muscle creatine kinase (MCK). Though most of the C2C12 cells are induced to dierentiate after serum starvation, a fraction of myoblasts undergoes apoptosis during dierentiation (Wang and Walsh, 1996) . Bcl6 expression was found to depend upon the stage of dierentiation of this tissue, suggesting that Bcl6 may be involved in the differentiation of muscle cells. We therefore investigated the role of Bcl6 in this well-characterized, highly-ordered process, utilizing dierentiation-induced myogenic cells, C2C12.
Results
We began by assaying mRNA expression in C2C12 cells before and after the induction of dierentiation by serum starvation. We observed downregulation of message encoding Id, a dominant-negative regulator of the muscle-speci®c b-HLH transcription factors (Benezra et al., 1990) , within 6 h of serum starvation; this was followed by the induction of myogenin, and p21 gene transcripts (Figure 1 ). Expression of MCK mRNA was evident in 3 days. Bcl6 mRNA expression, which was very low in proliferating myoblasts, was clearly detectable 1 day after serum starvation and was thereafter progressively upregulated, reaching a peak after 2 days; i.e., the induction of Bcl6 mRNA preceded that of p21 message. We also found that Bcl6 protein was detectable by Western blotting 3 days after the induction of dierentiation (Figure 1) .
We next investigated whether the induction of Bcl6 expression in C2C12 cells was linked to muscle cell phenotype or was a non-speci®c response to serum starvation. The mouse embryonic ®broblast cell line, 10T1/2, which lacks the ability to dierentiate in response to serum starvation, did not express Bcl6, even when cultured in dierentiation medium (DM) for 3 days (Figure 2 ). Serum starvation of 10T1/2-MyoD cells, which constitutively express MyoD under the control of retroviral promoter (Guo et al., 1995) , however, resulted in signi®cant induction of Bcl6 transcripts (Figure 2 ). Characteristics of myoblast dierentiation including morphological changes into myotubes and the appearance of myogenin transcripts, were also observed (Figure 2) . Thus, the induction of Bcl6 expression was associated with the phenotypic changes that occur in muscle cells, and required the terminal dierentiation process mediated by MyoD.
We also investigated the eects of basic ®broblast growth factor (bFGF), transforming growth factor-b (TGF-b), okadaic acid, and lysophosphatidic acid (LPA) on C2C12 dierentiation: these reagents have been reported to act by interfering with the myogenic dierentiation process through several mechanisms, including the inhibition of transcription, DNA binding, or trans-activation of MyoD (Vaidya et al., 1989; Brennan et al., 1991; Kim et al., 1992; Li et al., 1992) . When each of these reagents was added to DM, C2C12 cells failed to dierentiate morphologically, and the expression of Bcl6 mRNA was markedly reduced, along with that of myogenin gene transcripts ( Figure  3) . Thus, the induction of Bcl6 in C2C12 cells is closely linked to the myogenic dierentiation process, which is controlled by muscle-speci®c transcription factors. Figure 1 Northern blot analysis of C2C12 myoblasts before and after the induction of myogenesis. Cells were grown to subcon¯uence, and myogenic dierentiation was induced by shifting them to DM. At the indicated times, cells were harvested and total RNA was prepared. The quantitative expression of Bcl6, myogenin, Id, p21, and MCK transcripts was normalized against G3PDH message. The expression of Bcl6 protein was analysed by Western blot Figure 2 Bcl6 expression in 10T1/2 and 10T1/2-MyoD cells after serum starvation. 10T1/2 ®broblast and MyoD-transfected 10T1/2 (10T1/2-MyoD) cells were grown to subcon¯uent densities in GM and then switched to DM for 3 days. RNAs were prepared from the cells, and the expression of Bcl6, myogenin, and MyoD transcripts was assayed. Both exogenous and endogenous MyoD transcripts are indicated. Ethidium bromide staining of the rRNA bands is also shown To determine whether the overexpression of Bcl6 had any eect on the proliferation of muscle cells or on their expression of myogenic genes, we infected C2C12 cells with AxCAmBcl6, a replication-defective recombinant adenovirus containing murine Bcl6 cDNA (C2Bcl6 cells). We detected an approximately 95-kDa Bcl6 protein (Onizuka et al., 1995) , expressed under the control of the chicken b-actin promoter, in these C2Bcl6 cells as early as 24 h after infection ( Figure  4A ). Immunocytochemistry performed with an antiBcl6 antibody revealed the presence of this protein in almost all cells (data not shown). Upon serum starvation, C2Bcl6 cells dierentiated into multinucleated myotubes, as did the parental cells and C2C12 cells infected with a control adenovirus expressing the LacZ gene (C2LacZ). We observed no signi®cant dierences between C2Bcl6 and C2LacZ cells in the accumulation of myogenin, p21 and MCK gene transcripts (data not shown). After serum starvation for 2 days, the number of nuclei of both C2C12 and C2LacZ cells increased approximately twofold, whereas that of C2Bcl6 cells increased threefold ( Figure 4B ).
To determine whether the increase in the number of the attached C2Bcl6 cells was due to their higher rate of proliferation, we analysed DNA synthesis in C2Bcl6, C2LacZ, and C2C12 cells by [ 3 H]thymidine incorporation into the cells in DM. We observed no signi®cant dierences among these cells in rates of thymidine uptake (data not shown). In addition, analysis of DNA content by a¯ow cytometry showed that forced Bcl6 expression did not alter cell cycle patterns: 24 h after serum starvation, the number of C2C12, C2LacZ and C2Bcl6 cells in S phase was 13.1, 13.2 and 12.9%, respectively.
Although most of the C2C12 cells dierentiate upon serum starvation, a fraction of myoblasts undergoes apoptosis during dierentiation (Wang and Walsh, 1996) . To clarify whether the increased number of nuclei is due to the prevention of the apoptosis in these muscle cells, we investigated the eects of the forced expression of Bcl6 on the apoptotic cell death of dierentiating myoblasts. We found that, in C2C12 and C2LacZ cells, DNA from cells¯oating in DM appeared as a typical nucleosome spacing ladders, a hallmark of apoptosis. In contrast, ladder formation was not detected in C2Bcl6 DNA, even after 96 h of serum starvation ( Figure 4C ). DNA content analysis by a¯ow cytometry also showed that the hypodiploid fraction was signi®cantly reduced by Bcl6 overexpression ( Figure 4d ). These results suggest that Bcl6 may prevent apoptosis during myogenic dierentiation.
To further examine this hypothesis, we stably introduced a construct expressing antisense Bcl6 mRNA into C2C12 cells. Several AS clones were isolated by G418 selection, and three representative clones (AS-7, -9 and -32) were expanded. Compared with that in C2C12 cells, the level of Bcl6 protein in AS-7, AS-9 and AS-32 cells was estimated to be 15, 62 and 46%, respectively ( Figure 5A ). After serum starvation for 48 h,¯oating cells, which were not evident in C2C12 cell media (Figure 5Ba ), were plentiful in the culture media of the AS clones ( Figure 5Bb ). Although the AS cells showed a slight proliferation after serum starvation, the total nuclei number of adhesive cells was markedly lower than that of the parental C2C12 cells ( Figure 5C ). AS-7 cells, which contain only a trace amount of Bcl6 protein, had the lowest nuclei number among these three clones. DNA ladder formation was clearly visible in AS-7, AS-9 and AS-32, but not in C2C12 cells, as early as 72 h after serum starvation ( Figure 5D ), indicating that the apoptotic process was accelerated in these AS clones. Myotube formations in AS clones were also reduced partly due to the inability of these clones to maintain the cell-cell contact necessary for ecient myotube fusion (data not shown).
To con®rm that the reduction of Bcl6 protein expression in AS clones is responsible for enhanced apoptosis, we infected these cells with the adenoviruses, AxCAmBcl6 (ASBcl6) or AxCALacZ (ASLacZ), containing Bcl6 or LacZ cDNA, respectively, in the sense orientation. We observed that infection with AxCAmBcl6 at an MOI of 200 overcame the expression of Bcl6 antisense mRNA and that acceptable levels of Bcl6 protein were expressed in each ASBcl6 clone ( Figure 6A ). When these cells were subjected to serum starvation, the number of¯oating cells in the medium was much lower (Figure 5Bd ) than that observed with AS or ASLacZ cells (Figure 5Bb and c) , and the nuclei numbers of adhesive cells were signi®cantly enhanced ( Figure 6B ). As expected, infection with AxCAmBcl6 clearly inhibited DNA ladder formation (Figure 6c ). When we analysed the DNA content of these cells bȳ ow cytometry to detect apoptotic cells, we found that forced Bcl6 expression successfully reduced apoptosis of AS cells ( Figure 6D ). Myotube formations were also partially restored in ASBcl6 cells, which correlated with the increase in the number of viable cells.
We subsequently inquired whether the known apoptosis modulators, including Bcl2 family and Caspase family, are involved in the Bcl6-mediated survival of C2C12 cells. Bcl2 mRNAs were not detected in Northern blot analysis, while low levels of Bclx L mRNAs were observed in both growing and Figure 3 Eect of various dierentiation inhibitors on Bcl6 gene expression. C2C12 myoblasts were cultured in DM with bFGF, TGF-b, LPA, or okadaic acid for 2 days, and their total RNAs were analysed to detect Bcl6 and myogenin message, which were normalized in relation to G3PDH message dierentiated C2C12. The expressions of Bclx L gene did not show any remarkable changes with Bcl6 overexpression (data not shown). Therefore it is unlikely that Bcl2 and Bclx L play central roles in the antiapoptotic eect of Bcl6. On the other hand, apoptosis of AS cells by serum starvation was eectively blocked by CPP32 (caspase 3)-speci®c tetrapeptide inhibitor Ac-DEVD-CHO, while it was not signi®cantly inhibited by ICE (caspase 1) inhibitor Ac-YVAD-CHO. This antiapoptotic eect of Ac-DEVD-CHO was not enhanced by the simultaneous overexpression of Bcl6 (data not shown).
Discussion
We have demonstrated the induction and subsequent upregulation of Bcl6 expression in dierentiating C2C12 myocytes. Our results also indicate that Bcl6 inhibits apoptosis during myocyte dierentiation. Using 10T1/2 ®broblasts, we found that increased Bcl6 expression required the expression of a musclespeci®c transcription factor, MyoD. The nucleotide sequences of the 5'-untranslated region of both human and mouse Bcl6 genes have been shown to contain several E-boxes, the binding sequence for MyoD family Bernardin, et al., 1997) . Binding by these muscle-speci®c transcription factors may thus directly regulate Bcl6 gene transcription.
A
Although the adenovirus-mediated enhancement of Bcl6 expression did not signi®cantly alter the proliferation rate of C2C12 myoblasts, it did increase the viability of these dierentiating myocytes by inhibiting apoptosis. In addition, we found that a substantial fraction of cells stably transfected with antisense mRNA underwent apoptosis during dierentiation. The cell viability of AS cells was remarkably recovered by the rescue of Bcl6 expression, indicating that Since Bcl6 is a transcription factor, there may be gene(s) regulated by Bcl6 that are responsible for the inhibition of apoptosis. Dent et al. (1997) reported that Bcl6 can bind to the DNA sequence of TTCNNNGAA, signal transduction and activation of transcriptions (STATs)-binding site, which partially overlaps with the recognition sequence of BCL6, (T/ A)NCTTTCNAGG(A/G)AT . They also described that Bcl6 can modulate the expression of STAT6-responsive genes, such as CD23. Actual relationship between Bcl6 and STATs are, however, not clear now.
In dierentiating muscle cells, several molecules including p21 and insulin like growth factor-II (IGF-II) have been reported to inhibit apoptosis in dierentiating muscle cells (Wang and Walsh, 1996; Stewart and Rotwein, 1996) . For example, it has been shown that, when p21 expression is induced, myoblasts irreversibly exit from the cell cycle and undergo further dierentiation to express contractile molecules, and that the acquisition of this apoptosisresistant phenotype can be correlated with p21 expression (Wang and Walsh, 1996) . In addition, the forced expression of p21 in C2C12 cells has been observed to block apoptosis during dierentiation induced by mitogen deprivation (Wang et al., 1997) . Allman et al. (1996) showed that the level of Bcl6 mRNA is high in quiescent lymphocytes, but T Kumagai et al decreases after mitogenic stimulation, whereas we have observed increased Bcl6 expression in differentiating myocytes undergoing irreversible cell cycle arrest. These results suggest that the induction of Bcl6 may be related to the cell cycle, perhaps being associated with expression of the cell cycle inhibitor, p21. IGF-II has also been shown to act as an autocrine survival factor for myoblasts during the transition from proliferating to dierentiating cells. IGF-II-mediated myoblast survival has been found to be accompanied by DNA synthesis sucient for progression through a single cell cycle and the reduction of IGF-II by antisense mRNA was shown to result in the rapid induction of apoptosis (Stewart and Rotwein, 1996) . In our study, apoptosis in the antisense-Bcl6-expressing cells was revealed to be inhibited significantly by the caspase 3-directed peptide inhibitor. This suggested that the caspase 3 is important for the apoptosis during myogenic dierentiation in vitro and Bcl6 has an inhibitory eect for apoptosis through caspase 3 pathway. Since caspase 3 is activated through a variety of cascades induced by those including TNFa (Wissing et al., 1997), Fas (Schlegel et al., 1996) and chemotherapuetic agents such as etoposide (Datta et al., 1996) , further investigations are necessary to know the actual eect of Bcl6 for the inhibition for the caspase 3 pathway.
We and other investigators have generated Bcl6 knockout (Bcl67/7) mice that exhibit in¯ammatory reactions, including myocarditis and pulmonary vasculitis (Dent et al., 1997; Fukuda et al., 1997; Ye et al., 1997) . Although we observed an antiapoptotic eect of Bcl6 on muscle cells in vitro, Bcl67/7 mice lacked any signi®cant abnormalities in the development of skeletal muscle. Normal muscle development in mice lacking myogenic genes including MyoD, Myf-5 and p21 has been also reported Rodnicki et al., 1992; Deng et al., 1995) . The apparent discrepancy between normal muscle development in knockout mice and our in vitro observations of anti-apoptotic role for Bcl6 may be due to the functional in vivo redundancy of muscle-related genes. In this respect, it is noteworthy that myocarditis, which is characterized by the degeneration of cardiac myocytes and the prominent in®ltration of eosinophils, is common in Bcl67/7 mice (Dent et al., 1997; Fukuda et al., 1997; Ye et al., 1997) . Since the death of Bcl6-de®cient mice was associated with the spontaneous death of mature cardiac myocytes, Bcl6 expression may enhance the survival of these cells. Cardiomyocyte degeneration was found to occur prior to cell in®ltration, indicating that degeneration was not a change secondary to in¯ammatory disease. In addition, when we reconstituted RAG1-de®cient mice with bone marrow cells from Bcl67/7 mice, we observed no evidence of cell death of Bcl6+/+ cardiac myocytes (Yoshida et al., submitted) . Together with our ®nding that the anti-apoptotic eect of Bcl6 on dierentiating myocytes was observed only after serum starvation in vitro, these results suggest that Bcl6 may protect myocytes from speci®c stresses, including serum starvation and the phenotypical changes occurring during dierentiation.
Materials and methods

Cell lines
A mouse skeletal myoblast cell line, C2C12 (ATCC CRL 1772), a mouse embryonic ®broblast cell line, C3H10T1/2 (10T1/2, ATCC CRL 226), and 293 cells (ATCC CRL 1537) were cultured in growth medium (GM), consisting of Dulbecco's modi®ed Eagle's medium (DMEM, Nissui Pharmaceutical, Tokyo) supplemented with 10% fetal calf serum. 10T1/2 cells stably transfected with MyoD (10T1/2-MyoD) (Guo et al., 1995) , the kind gift of Dr Kenneth Walsh, were also cultured in DMEM. To induce the dierentiation of myoblasts, subcon¯uent C2C12 cells were shifted to dierentiation medium (DM) consisting of DMEM supplemented with 2% horse serum. To inhibit C2C12 dierentiation, 20 ng/ml bFGF (GIBCO ± BRL, Gaithersburg, MD, USA), 10 ng/ml TGF-b (Sigma, St. Louis, MO, USA), 60 mM LPA (Sigma) or 15 ng/ml okadaic acid (Boehringer Mannheim, Mannheim, Germany) was added to DMEM supplemented with InsulinTransferrin-Selenium-X (ITS, GIBCO ± BRL) and 1 mg/ml bovine serum albumin (GIBCO ± BRL).
Northern blot analysis
Total RNA was isolated using TRIzol Reagent (GIBCO ± BRL). Aliquots (20 mg) of RNA were electrophoresed through 1.2% agarose gels containing formaldehyde and transferred to Hybond N + nylon membrane (Amersham, Buckinghamshire, UK). DNA probes were labeled with a-32 P-deoxycytidine 5-triphosphate (Amersham) by random priming (Ready-To-Go DNA Labeling Kit, Pharmacia Biotech, Milwaukee, WI, USA) and hybridization was performed as described . A 1.6-kb Bcl6 cDNA probe was obtained by reverse transcriptase-PCR (RT ± PCR) from C2C12 mRNA using the primers, 5'-TTCGAGGAAAGGCCGGACAC-3' and 5'-CATTCTCACAGCTAGAATCC-3'. MCK (Buskin et al., 1985) and Id (Benezra et al., 1990) probes were obtained by RT ± PCR. Murine myogenin (Fujisawa-Sehara et al., 1990) and MyoD cDNAs probes were kindly provided by Dr Shousei Yoshida and Dr Andrew B Lassar, respectively. Bcl2 cDNA probe and rat bclx L cDNA were kindly provided from Dr Seiji Okada and Dr Shigeo Ohta, respectively (Okada et al., 1998) . A human G3PDH cDNA probe was purchased from Clontech (Palo Alto, CA, USA).
Western blot analysis
Cells were suspended in lysis buer (50 mM Tris-Cl, pH 8.0, 150 mM NaCl, 1% Nonidet-P40, 100 U/ml aprotinine and 1 mM phenylmethylsulfonyl¯uoride) on ice for 30 min and insoluble materials were removed by centrifugation at 14 000 r.p.m. for 10 min at 48C. Samples were separated by electrophoresis on 6% SDS-polyacrylamide gels and transferred to polyvinylidene¯uoride membranes (Immobilon-P, Millipore Corporation, Bedford, MA, USA), which were incubated with rabbit polyclonal antibody to human Bcl6 and then with horseradish peroxidase-conjugated donkey antibody to rabbit immunoglobulin (Amersham). Antibody binding was visualized with an enhanced chemiluminescence detection system (Amersham).
Immunoprecipitation
Total cell lysates, prepared as above, were incubated with rabbit polyclonal antibody to mouse Bcl6 (Fukuda et al., 1997) , as described (Fukuda et al., 1995) . Precipitated proteins were subjected to Western blot analysis and detected with rabbit anti-human Bcl6 antibody.
Count of total cell nuclei
Myoblasts were ®xed with methanol, and stained with Giemsa solution (Muto Pure Chemicals, Tokyo, Japan), and nuclei were counted under an optical microscope. Myotubes were de®ned as syncytia containing three or more nuclei. Twelve independent ®elds of 0.25 mm 2 each were counted to determine the total number of nuclei per square millimeter.
Establishment of stable cell lines expressing Bcl6 antisense mRNA A 1.6-kb cDNA, corresponding to nt 773 to nt +1549 of murine Bcl6 mRNA (Fukuda et al., 1995) , was subcloned into a pCAGGS vector (Niwa et al., 1991) in the reverse orientation to the promoter. The region encoding the highly conserved zinc-®nger domain was not included in order to avoid a cross reaction with transcripts encoding other zinc-®nger proteins. The constructs were transfected into C2C12 myoblasts, together with 1/20 (w/w) of a pSV2Neo vector (Clontech), using Lipofectamine reagent (GIBCO ± BRL). Two days after transfection, 1200 mg/ml G418 was added to the media and isolated stable cell lines (AS cells) were maintained in GM containing 600 mg/ml G418.
Construction of a replication-defective recombinant adenovirus expressing murine Bcl6 (AxCAmBcl6)
A cDNA fragment, encompassing the entire coding region of murine Bcl6 mRNA (Fukuda et al., 1995) , was cloned into the cosmid cassette pAxCAwt, which contains the chicken b-actin promoter. Replication-defective recombinant adenovirus was generated by the COS-TPC method (Miyake et al., 1996) . Brie¯y, cosmid DNA and the EcoT22I-digested DNA-terminal protein complex of adenovirus Ad5-dlX were co-transfected into 293 cells by the calcium phosphate method (CellPhect DNA Kit, Pharmacia). Recombinant adenoviruses (AxCAmBcl6), generated by homologous recombination in 293 cells, were isolated on 96-well plates, ampli®ed and titrated. Expression of the Bcl6 protein was con®rmed by Western blotting and immunostaining using anti-Bcl6 antibody (Fukuda et al., 1995) . Recombinant adenovirus expressing LacZ gene (AxCALacZ) was used as a control (Kanegae et al., 1995) .
For forced expression of Bcl6 in C2C12 cells, 4610 5 myoblasts, plated on a 100 mm dish in GM, were infected for 24 h with AxCAmBcl6 or AxCALacZ at a MOI of 50 or 100, and subsequently shifted to DM (C2Bcl6 and C2LacZ cells).
To reverse Bcl6 expression in cell lines stably transfected with antisense Bcl6 (AS cells), 1.2610 6 cells, plated on a 100 mm dish in GM, were infected for 1 h with AxCAmBcl6 or AxCALacZ at a MOI of 200 and then transferred to DM.
Assay of DNA-ladder formation
Adhesive or¯oating cells in the medium were collected and suspended in 20 ml lysis buer (50 mM Tris-Cl (pH 7.8), 10 mM EDTA, 0.5%(w/v) sodium N-lauroylsarcosinate (Wako, Osaka, Japan)). Cell lysates were incubated at 508C for 30 min with 0.5 mg/ml RNase and then at 378C for 30 min with 0.5 mg/ml proteinase K. Lysates were analysed by 4% agarose gel electrophoresis and stained with ethidium bromide.
Flow cytometric analysis
Subcon¯uent cultures of C2C12, AS, ASLacZ, or ASBcl6 cells (1.2610 6 per 100 mm dish) were incubated for 60 h in DM. Adhesive and¯oating cells in the medium were harvested and washed with PBS. The cells were ®xed in 70% ethanol and stained with propidium iodine (PI, 25 ng/ ml in PBS), and their DNA content was assayed by¯ow cytometry (EPICS ELITE ESP, Coulter, Miami, FL, USA).
